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LETTER

Isolation and Characterization of the Mouse
Cystatin B Gene

Len A. Pennacchio’? and Richard M. Myers*?>

'Department of Biological Sciences and ?Department of Genetics, Stanford University School of
Medicine, Stanford, California 94305-5120

The cystatins make up a large superfamily of proteins that inhibit cysteine proteases. Recently, we showed
that loss-of-function mutations in the human cystatin B gene are responsible for progressive myoclonus
epilepsy of the Unverricht-Lundborg type (EPMI). However, despite the known role of cystatin B in cysteine
protease inhibition, it is not clear why decreased levels of this protein cause EPMI. To provide new insights
into the biochemical and pathological mechanisms of EPMI, we are working toward developing an animal
model for this disease. Here we present the mouse cystatin B nucleotide and amino acid sequence. We show
that the mouse gene spans a 3-kb genomic region and contains 3 exons and 2 introns, identical to the
structure of both the rat and human cystatin B genes. The amino acid sequence identity of the protein is
86%, 79%, and 71% to that of the rat, human, and bovine cystatin B proteins, respectively. In addition, we
show that the mouse cystatin B gene is expressed in many tissues, similar to results observed previously in
humans. Finally, we report the mapping of the mouse cystatin B gene (Stfb) to chromosome 10, further
extending the synteny between this region of the mouse chromosome and human chromosome 21q22.3.

[The sequence data described in this paper have been submitted to GenBank under accession no. U59807,
and the mapping data is available at Mouse Genome Database accession no. MGD-CREX-660.]

The cystatins are a large class of proteins that and tissues (Barrett et al. 1986b; Pennacchio et al.
function as inhibitors of cysteine proteases, in- 1996). Although stefins lack an export signal se-
cluding the cathepsins. Structural and functional quence and are generally thought to function in-
comparisons suggest that the cystatins comprise tracellularly, they have also been found in extra-
a single evolutionary superfamily, presumably cellular fluid (Abrahamson et al. 1986). The
derived from a common ancestor (Rawlings and amino acid sequences of human, rat, and bovine
Barrett 1990). This superfamily is classified into cystatin B are known (Ritonja et al. 1985; Sato et
three distinct families of closely related pro- al. 1990; Turk et al. 1992), and the X-ray structure
teins—the intracellular stefins (family-1), the se- of the human protein complexed with carboxy-
cretory cystatins (family-2), and the kininogens methyl-papain has been determined (Stubbs et al.
(family-3) (Barrett et al. 1986a). Family-1 cystat- 1990Db).
ins are ~100-amino-acid single-chain proteins Recently, we showed that defects in the hu-
that lack disulfide bonds. man cystatin B gene are responsible for progres-
Of the family-1 type cystatins, stefin A and sive myoclonus epilepsy of the Unverricht-
cystatin B (also known as stefin B) have been Lundborg type (EPM1). EPM1 is inherited as an
studied the most extensively. Both are 98-amino- autosomal recessive disease characterized by se-
acid proteins that have been identified in several vere stimulus-sensitive myoclonus, tonic-clonic
different mammalian species. Stefin A is found in seizures, and progressive neurological deteriora-
high concentrations in various types of epithelial tion (Berkovic et al. 1985). The cystatin B gene is
cells and polymorphonuclear leukocytes in the expressed ubiquitously and its gene product is
liver (Barrett et al. 1986b). In contrast, cystatin B thought to have a general role in the inactivation
is widely distributed among different cell types of proteases that escape from the lysosome (Turk

and Bode 1991). It is not clear how decreased
3Corresponding author. levels of the ubiquitous cystatin B protein cause
E-MAIL myers@shgc.stanford.edu; FAX (415) 725-9689. the symptoms of EPM1, which are apparently
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ccccacttaatagtcacaggacaaggggaaattgagatgtccagggctgtacttegtgte
cacctactccatggaaagactaggaccccttctcacatctetgecatectgtgaggacceg
gaagcccctaagccgggtcagagatactectacaatcacttcacgaccattgaggggeaa
tcaggactcccagcctccaaacccttettagegtecgttcagggaaaggacgtgaageac
ccaccatgcctcaccctecgeccacgecccagectgggtctectgactetgectggaacgg
agggtggtgacagtaaagagagcgagcgagagggtgcggegececegeecegtegetetgt
cacgtgctacgggtccgggggggcggagccaagecaggtttttctagggtecaggecacee
aggtctcctagttggatctgtettcagcttetcegtgetacceccgactactgetgecaag

ATGATGTGTGGCGCGCCATCTGCCACAATGCCAGCCACGGCCGAGACGCAGGAGGTCGCC
M M C G AP S ATMUPA AT AETOQE V A

GACCAGgtgaggctgggcccaggtcaggecagtetgagecaggectgeggagaceeggeg
D Q

gcctcagggaccggectgeccagactggtcaggtectgcagegggttteeggggeggeca
caagtgtgactgggagctgggggectctggatctggttggaagattcagggecgggaactyg
gggcgagtcettctgecgettgcatacaagagggccactcacctattagggaactageece
gggatcggtggagggatccggtggtcccagagaattcaggaaggcagtgttagaacctag
acggcacctttttgacttacacccaggecctaaacaagagaaagccagactgggetactgt
gcttgtctcctcaaaagaaagagctaggactgtttagectcagtggcaggaattcaactga
taccaccaccaccatcaccaacaccgcccctcagggaaaaaaaaaaggatcaaaaccaga
agttgtagaacttgcttgtgcctagtctgaaacgagggggtggaccttgggectgggetg
cccttectgtgactgttagcagagcagagattcagtacaaggtagggggaggttcagggt
attagcaagagaagaaaagttaaacaaatcctctcttcagctcetcectgccacgecccaag
cccaggacccetgtccactaagcectagetgatcttgggaggtgtttgetctgaactgaagt
ggccaagaaggaagtgagtcagctccatgagaccctagaaatgaggaaatgttacagaca
cactggccaggcaagggaaccttggccacgtgeccacatcagcactcaggaggcagagaca
ggcgagtctctctgaatttgaagccageccagtttgettagttccatgeccagecataget
acatagtgagaccctgtcccccccccccccaaaaaaaaggagetgtgttgttetttatea
gtggggccaacagtttaccatgtcccccggaatgaggagtattgaaggetggecagtgtgt

gtgtgtgggggcacctgtgcatgaatctaagtecttecttetcacccaccatccagGTGA
\4

AGTCCCAGCTTGAATCGAAAGAAAATCAGAAGTTTGATGTCTTTAAAGCCATATCCTTCA
K $s 0L E S KENGQI KV FDVF KA ATISTF

AGAGACAGATAGTGGCTGGCACCAACCTCTTCATCAAGgtgggtactgatagtagettge
K R Q I VAGTNTLTF I K

catgaactggggacatagtctcagagtagagcagagtgtcctgcaacttcctgcagagaa
ccccttaaggggacatgtacatgttctgagaggatgaatttggggtgttagggtteeegg
ccttaaaggaggagacaagggttatcactggctaagttagtggctggtggectgttetgg
ctcagtttctaaggcetgggttaagectggaactggaaccttacctttcactcacatgtct

gtctgtctgtettectccagGTTGATGTTGGTGGAGATAAATGCGTGCACTTGAGGGTGT
v DV GG GD K CV HUL RV

TTCAACCCCTCCCCCATGARAACAAGCCTTTGACCCTGTCTTCCTATCAGACCAACARAAG
F Q P L P HENIKU®PTULTTU LS S Y Q TN K

AAAGGCACGATGAGCTCTCCTACTTCTGAttcggggctecctttgcacctgtgtttgggac
E R H D EUL S Y F *

cacgtagtaaaacccccctcggtgatggagagaagggagttgagcagcettetgttgtgat
tctcaaactgcgttgtattttgcatccttccaaataattattttcagaaaactgtatatg
atctctctaaatatatatttttagagactatatgaattgtgtccttagttttaatttttt
cccectttgtttgaaaaatcacagtcacaccaggcagtggtgggetcatgectttaatcee

Figure 1 Genomic sequence of the mouse cystatin B gene (GenBank
accession no. U59807). Uppercase letters indicate the coding portion
of the gene, and lowercase letters designate the 5’ flanking region, the
5" UTR, the 2 introns, the 3’ UTR, and the 3’ flanking region. Amino
acids in the cystatin B protein are designated with uppercase letters
below the nucleotide sequence. Base pairs are numbered beginning

with

the ATG start codon. Underlined bases designate the consensus

sequence for Sp1-binding sites in the 5’ flanking region. Introns 1 and
2 are 1070 and 282 bp in length, respectively. A segment containing six
CA repeats in intron 1 is present between nucleotides 1073 and 1087.
The stop codon is denoted with an asterisk.

specific to the central nervous system. To under-
stand the relationship between this protein and
the symptoms of this disease, we are studying the
expression and biochemical properties of the
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mouse protein, as well as working
toward developing an animal model
for EPM1 by disrupting the cystatin
B gene in the mouse. As a first step
toward these goals, we have isolated
and characterized the mouse cys-
tatin B gene. Here we report its struc-
ture, mRNA expression patterns,
and chromosomal location in the
mouse genome.

RESULTS

Identification of the Mouse Cystatin
B Gene

To identify the mouse cystatin B
gene, we designed oligonucleotides
based on the known human cystatin
B and rat cystatin B cDNA and ge-
nomic sequences (Sato et al. 1990,
1992; Pennacchio et al. 1996; K.S.
Bhat, unpubl.). One pair of primers
(F100/R100; see Methods) yielded a
single, ~350-bp long PCR product
that is 70% identical to the rat cys-
tatin @ genomic nucleotide se-
quence. We used this primer pair to
screen a mouse bacterial artificial
chromosome (BAC) genomic library
by using the polymerase chain reac-
tion (PCR) and identified BAC clone
310P21 (see Methods). Restriction
and hybridization analysis of this
BAC clone indicated that the com-
plete mouse cystatin B gene is pre-
sent in two overlapping DNA frag-
ments: a 6-kb Sacl fragment and a
1.6-Kkb Pstl fragment. We subcloned
both of these fragments and deter-
mined the nucleotide sequence of
the gene and its flanking regions

(Fig. 1).

Nucleotide Sequence Analysis

The genomic sequence of the mouse
cystatin B gene is shown in Figure 1.
We compared the nucleic acid se-
quence with that of the human and

rat cystatin B (B) genes and found that all three
genes contain 3 exons and 2 introns (Sato et al.
1992; Pennacchio et al. 1996). The mouse open
reading frame is contained in all three exons and
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1 10 20 30 40 50  889%, and 82% amino acid con-
mi MMCGAPSATMPATA v . .
mguse  KHCGAZSATIHEAT AETOEYADQVASQLESKENOKROVEKAISEXROLIAS  servation with the rat, human,
human ......... Quvennnn HI....R....E...K.. .v...s.v... and bovine cystatin B protein
bovine e e GT. Qv e v v AI..K...... E...K.. .LE..S.L... R .
sequences, respectively (Fig. 2).
Ten of the 11 mammalian
60 70 80 90 stefins whose amino acid se-
mouse TNLFIKVDVGGDKCVHLRVFQPLPHENKPLTLSSYQTNKERHDELSYF i -
rat P EE........ Eve e eeiiteanannnn .K. T quences were determined be
human ..Y....H..DEDF....... S S AK. T fore our study contain the se-
bovine K.Y¥....Q.DE.DF..I...ES....... VA.T...... Gevnwo T

quence QVVAG located ap-

Figure 2 Alignment of the mouse cystatin B amino acid sequence with proximately in the middle of
those of the rat, human, and bovine sequences. Residues identical to the }0 primary sequence of the

mouse amino acid sequence are indicated with a dot and residues different
from the mouse amino acid sequence are shown with the appropriate amino
acid symbol. Boldface amino acid symbols in the rat, human, and bovine
sequences represent conservative amino acid changes (positions where dif-
ferent non-polar or charged side chains of similar size appear in the different

proteins. This pentapeptide
comprises the first B-hairpin
loop of stefins, and has been
shown to interact with the tar-

proteins). The conserved pentapeptide QIVAG at amino acid positions 46 get enzyme in inhibitor/

through 50 is underlined.

is 294 bp in length, identical to that found in the
human and rat genes. The nucleotide sequence
identity between the mouse cystatin B coding se-
quence and that of the rat and human is 90% and
77%, respectively. The mouse sequence flanking
the putative start codon (5'-ACTGCTGCCAA-
GATG-3’) matches the Kozak consensus se-
quence at most relevant positions (Kozak 1987).
The mouse cystatin B gene has an exon-intron
structure identical to that of the human and rat
genes, and contains GT to AG consensus se-
quences at its intron/exon junctions (Breathnach
and Chambon 1981). The sizes of introns 1 and 2
in the mouse cystatin B gene are 1070 and 282
bp, respectively. In comparison, the sizes of the
rat and human cystatin B introns 1 and 2 are 977
and 480 bp, and 1445 and 325 bp, respectively.
The putative promoter region of the mouse gene
is GC rich and contains no obvious TATAA or
CCAAT consensus sequences, similar to promot-
ers of other genes that are expressed ubiquitously
(Dynan 1986). This gene has three GC boxes
(GGGCGQG) identical to those found in other
genes where Sp1 transcription factors are known
to bind (Pugh and Tjian 1990) (Fig. 1).

Analysis of the Deduced Mouse Cystatin B Amino
Acid Sequence

The mouse cystatin B gene encodes a predicted
98-amino-acid protein, which is identical in
length to that of the rat, human, and bovine cys-
tatin B proteins. Alignment of the deduced
mouse cystatin B protein sequence reveals 86%,
79%, and 71% amino acid identity and 95%,

protease complexes (Stubbs et

al. 1990b). The first exception

to this conservation was bo-
vine cystatin B, which contains the sequence QL-
VAG at the equivalent position (Turk et al. 1992).
The valine-to-leucine alteration in the bovine
protein has little effect on its activity (Turk et al.
1992). Our analysis of the deduced mouse cys-
tatin B amino acid sequence indicates that it con-
tains the segment QIVAG within this region of
the protein. Although this change is conservative
(valine to isoleucine), mutagenesis studies with
the human protein indicate that isoleucine in
this position of the pentapeptide results in a four-
fold reduction in inhibitory activity against pa-
pain (Jerala et al. 1990). Whether this amino acid
difference in the mouse protein results in low-
ered activity remains to be determined.

Mouse Cystatin B mRNA Expression

To determine the tissue distribution of cystatin B
mRNA in the mouse, we hybridized a cDNA
probe to a Northern blot containing RNA from
multiple tissues (Fig. 3). As an internal standard,
we also hybridized a B-actin probe to the same
Northern blot. Similar to results seen in humans,
all mouse tissues we tested have high levels of
cystatin B mRNA at the expected size of ~600
nucleotides. On the basis of normalizing each
lane to B-actin signals, heart, liver, and kidney
have fivefold higher levels of mRNA than spleen
and testis, and twice the levels of mRNA of brain,
lung, and skeletal muscle.

Chromosomal Localization of the Mouse Cystatin
B Gene

We determined the chromosomal location of the

GENOME RESEARCH @ 1105
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Figure 3 Tissue distribution of mouse cystatin B
mRNA. A 218-bp cystatin B cDNA probe was hy-
bridized to an RNA blot purchased from Clontech,
Inc. (Palo Alto, CA). Each lane contains 2 ug of poly-
adenylated mRNA from eight mouse tissues. The
size of the cystatin B mRNA is ~600 bp, consistent
with the mRNA size found in human tissues. In ad-
dition, a B-actin probe was hybridized to the same
Northern blot to assess the approximate quantity of
RNA per lane.

mouse cystatin B gene (Stfb) by analyzing the seg-
regation of a polymorphism in the gene in the
Jackson BSS panel [(CS7BL/6JEi x SPRET/
Ei)F, x SPRET/Ei] interspecific backcross, which
has been typed for >2500 loci (Rowe et al. 1994;
L. Rowe, pers. comm.). We used oligonucleotides
(F100/R100) flanking intron 2 to amplify DNA
from the two parental mouse backcross strains
Mus musculus and M. spretus, and detected a Psil
restriction fragment length polymorphism in the
amplified fragments. We found that M. musculus
contains a single Pstl restriction site in this frag-
ment, whereas M. spretus lacks this site. By using
this assay to distinguish the two strains, we
mapped the mouse cystatin B gene to chromo-
some 10 (Fig. 4). This pedigree analysis indicated
that the mouse cystatin B gene is linked to the
loci D10Mit20, D10Mit65, D10Mit67, D10Mit11,
and D10Mit10 (Fig. 4A). Furthermore, no recom-
bination events were identified between the gene
and the loci Adn, Col6al, D10Mit22, Gng7, Malik,
Pcsk4, and Tcfe2a (Fig. 4B). These results establish
the order and genetic distances between these
loci as D10Mit20-(6.38 ¢cM + 2.52 s.k.)-[StfD,
Adn, Col6al, D10Mit22, Gng7, Matk, Pcsk4,
Tcfe2al-(6.38 cM + 2.52 s.g.)-DI10Mit65 (2.13
cM + 1.49 s.e.)-D10Mit67 (1.06 cM =+ 1.06 s.E.)—
DI10Mit11 (1.06 cM = 1.06 s.e.)-D10Mit10 (Fig.
4A).
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DISCUSSION

Despite a substantial amount of knowledge about
the biochemical properties of the cystatin B pro-
tein from several mammalian species, the reasons
that defects in the gene lead to EPM1 in humans
are not understood. One motivation for isolating
and characterizing the mouse cystatin B gene is
to provide a means to study the protein and its
expression in an experimentally manipulatable
mammalian system. In addition, the mouse gene
provides a reagent for generating and studying an
animal model for the disease. The clones and mo-
lecular characterization reported here can be used
to construct mouse embryonic stem cells with a
completely disrupted cystatin B gene. Because
the mutations that we identified in the cystatin B
gene in patients with EPM1 may all result in
some level of functional protein, it is not yet
known whether complete or partial loss of cys-
tatin B activity is the cause of the disease (Pen-
nacchio et al. 1996). It may be necessary to gen-
erate mice with these subtle mutations (a splice
site mutation and a stop codon mutation at po-
sition 67) to produce EPM1-like symptoms, as it
is possible that complete loss of function of the
gene would be lethal. A successful mouse model
of EPM1 will provide a reagent for understanding
the progression of symptoms and neuropathol-
ogy, for developing therapies and for testing hy-
potheses regarding the roles of particular target
proteases in the various symptoms of the disease.

The human cystatin B gene is located on hu-
man chromosome 21q22.3, between two syn-
tenic regions of the chromosome that are con-
served with portions of two different mouse chro-
mosomes. The synteny in the genomic region
proximal to the human cystatin B gene, between
a-A-crystallin (CRYA) and cystathionine-f-
synthase (CBS), is conserved in the proximal por-
tion of mouse chromosome 17 (Munke et al.
1988; Stubbs et al. 1990a). The synteny in the
genomic region distal to the human cystatin B
gene, between the liver-type phosphofructoki-
nase (PFKL), the type VI collagen Al gene
(COL6A1), and the B subunit of the Mac-1 leuko-
cyte surface glycoprotein family (S100B), is con-
served in a region of mouse chromosome 10 (Jus-
tice et al. 1990; MacDonald et al. 1991; Irving et
al. 1994). The mapping of the mouse cystatin B
gene to mouse chromosome 10 reported here ex-
tends the known boundaries of conservation be-
tween this region of human chromosome
21922.3 and the mouse genome.
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In addition to providing reagents to produce
a mouse model of EPM1, the mouse cystatin B
gene can be used to determine whether the gene
is involved in aberrant phenotypes in existing
mutant mice. The genes for the three mouse mu-
tants grizzled, mocha, and jittery are located on
mouse chromosome 10, near the region that con-
tains the cystatin B gene (Taylor et al. 1993). At
the current level of resolution of mapping of
these genes, it is reasonable to consider the cys-
tatin B gene as a candidate for any of these dis-
eases. In this regard, jittery is of particular interest
because it displays early onset seizures as part of
its phenotype (DeOme 1945), making it a pos-
sible mouse model of EPM1. Further mapping of
the mouse jittery locus relative to the cystatin B
gene and mutation analysis, if warranted on the
basis of mapping results, will be necessary to test
this hypothesis.

THE MOUSE CYSTATIN B GENE

Figure 4 Mapping of the mouse cystatin B gene to
chromosome 10. The gene was mapped to mouse chro-
mosome 10 by interspecific backcross analysis (Rowe et
al. 1994). The mouse cystatin B gene locus has been given
the symbol Stfb, which has been approved by the Mouse
Nomenclature Committee. (A) Haplotypes from the Jack-
son BSS backcross showing a part of chromosome 10 with
loci linked to Stfb. Loci are listed in order with the most
proximal at the top. (M) C57BL6/JEi allele; (L) SPRET/Ei
allele. The number of animals with each haplotype is
given at the bottom of each column of boxes. The percent
recombination (R) between adjacent loci is on the right,
with the standard error (s.e.) for each R. Missing typings
were inferred from surrounding data where assignment
was unambiguous. (B) A map of a part of mouse chromo-
some 10 derived from the Jackson BSS backcross. The
map is depicted with the centromere toward the top.
Map positions, where known, of the human homologs are
listed to the right of the locus names. Raw data from the
Jackson Laboratory was obtained from the World Wide
Web address http://www.jax.org/resources/documents/
cmdata. The Mouse Genome Database accession no. for
the cystatin B (Stfb) gene is MGD-CREX-660. Two groups
of loci were not separated by recombination in this study
and, therefore, could not be ordered. These are (1) Stfb,
Adn, Col6al, D10Mit22, Gng7, Matk, Pcsk4, and Tcfe2a,
and (2)D10Mit65 and Timp3. Mapping was performed
with the program Map Manager (Manly 1993).

METHODS
Isolation of Genomic Clones

We isolated BAC 310P21 by PCR screening a pooled mouse
genomic BAC library (Research Genetics, Inc., Huntsville,
AL; DNA pools were a gift from Greg Lennon, Lawrence
Livermore National Laboratory, Livermore, CA) with the
oligonucleotides F100 (5'-GGGACAAACTACTTCAT-
CAAGGT-3') and R100 (5'-GGCTTGTTTTCATGAGGGAG-
3"), which were designed on the basis of the human cys-
tatin B nucleotide sequence. The PCR conditions were as
follows: An initial incubation at 94°C for 5 min followed
by 30 cycles for 30 sec at 94°C, 30 sec at 60°C, 1 min at
72°C, with a final incubation for 10 min at 72°C. We sub-
cloned a 6.0-kb SacI fragment and a 1.6-kb Pstl fragment
from this BAC clone into plasmid vector pBSIISK+ to yield
pBS-Sacl-6 and pBS-Pstl-1.6, respectively.

DNA Sequencing

We isolated DNA from overnight cultures by standard al-
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kaline lysis and a Qiagen column. The 6-kb pBS-Sacl-6 was
digested independently with the blunt end generating re-
striction enzymes Alul, EcoRV, Haelll, Hincll, Hpal, Nlal,
Pvull, Rsal, and Stul. Digests were pooled subsequently and
subcloned into the EcoRV site of plasmid vector (pBSIISK+)
for automated DNA sequencing. We performed sequenc-
ing reactions with fluorescently labeled M13-21F and
M13R primers and analyzed the reactions with an Applied
Biosystems 377A sequencer. We assembled sequence data
with the sequence analysis program Sequencher 3.0 (Gene
Codes Corporation). PCR products were purified with a
Centricon-100 concentrator (Amicon, Beverly, MA) and
cloned into a plasmid vector.

Hybridization Analysis

BAC DNA was digested with restriction enzymes (New En-
gland Biolabs) according to the manufacturer’s recommen-
dations. Digested DNA was separated by gel electrophore
sis and transferred to Hybond-N* membranes (Amer-
sham). Membranes were baked for 2 hr at 85°C followed by
hybridization with either [«-*?P][dATP randomly primed
probes or [y-*2P]dATP T, kinase end-labeled oligonucleo-
tides.

A mouse cystatin B cDNA probe was generated by the
random labeling of an RT-PCR product. Primers used for
this amplification were F103 (5'-ACGCAGGAGATCGCC-
GAC-3'), designed from the rat nucleotide sequence, and
the R100 primer shown above. Northern blot hybridiza-
tion was in 5X SSPE, 10X Denhardt’s solution, 100 pg/
ml salmon sperm DNA, 50% formamide, and 2% SDS at
42°C for 18 hr. Filters were washed with 2 X saline sodium
citrate (S§SC) at room temperature for 30 min and in
0.1x SSC at 60°C for 30 min. All blots were exposed to
film overnight with a single intensifying screen at —70°C.

Mapping of the Mouse Cystatin B Gene

DNA for the BSS interspecific backcross panel was obtained
from the Jackson Laboratory. The details of the BSS inter-
specific backcross are described in Rowe et al. (1994). PCR
was performed as described above with primers F100 and
R100 on the two parental strains M. musculus and M. spre-
tus. The 94-animal backcross panel was amplified and sub-
jected to PstI restriction digestion. Digested PCR products
were separated by 2% agarose gel electrophoresis. PstI di-
gestion of the M. musculus PCR product resulted in two
fragments ~280 and 100 bp in length, whereas the PCR
product of the M. spretus species was not cleaved by Pst],
yielding a single fragment ~400 bp in length.
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